The hypotensive effects of Vaccinium ashei reade (blueberry) leaves were studied in vitro and in vivo. Blueberry leaf showed a strong inhibitory effect on angiotensin-converting enzyme activity in vitro. Additionally, feeding of blueberry leaf suppressed the development of essential hypertension in spontaneously hypertensive rats in vivo. These results promise the use of blueberry leaf as a source of dietary hypotensive components.
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Lifestyle-related diseases, such as hyperlipidemia, arteriosclerosis, diabetes mellitus, and hypertension, contribute to recent increases in cardiovascular morbidity and mortality. Although the pathogenesis of lifestylerelated diseases is complicated and the precise mechanisms have not yet been elucidated, hypertension has emerged as one of the major cardiovascular risk factors according to epidemiologic studies. 1) Hypertension refers to blood pressure higher than its normal range, and is defined as a diastolic blood pressure of 90 mm Hg or higher, a systolic blood pressure of 140 mm Hg or higher, or both. More than one fourth of the adult population is affected by hypertension, and its prevalence and severity are markedly increasing as the population ages. Most hypertensive patients show essential hypertension, whose specific causes remain incompletely understood because of a complex interaction between genetic predisposition and environmental factors.
2)
Angiotensin converting enzyme (ACE) plays a major role in blood pressure homeostasis; it cleaves angiotensin-I to produce vasoconstrictive angiotensin-II in the rennin-angiotensin system. Hence dietary components that control ACE activity are of great interest.
3-6) For example, previous reports indicate that traditional medical plants from China, India, and Chile can inhibit ACE activity.
3,4) Vaccinium ashei reade (blueberry) belongs to the Ericaceae plant group, and infusions of its leaf are used as a folk medicine treatment for lifestylerelated disease in Europe, 7, 8) but no scientific evaluation of the antihypertensive effect of blueberry leaf has been reported yet. In the present study, we examined the inhibitory effect of blueberry leaf on ACE activity as compared with other leaves from Ericaceae plants.
Purified ACE and hippuryl-L-histidy-L-heucine (HHL) were from Wako Pure Chemical (Osaka, Japan) and ICN Biomedicals (Tokyo) respectively. For the experiments, plant leaf extracts were prepared using 0.3 g of freezed-dry leaves in 10 ml of deionized water by 15 min ultrasonication. Inhibition of ACE activity by plant leaf extracts was evaluated by a modification of Cushman's method, as follows:
9,10) a mixture of 100 ml of 0.025 U/ml ACE in 400 mM phosphate buffer (pH 8.5), 50 ml of plant leaf extracts, and 100 ml of 2 mg/ml HHL was incubated for 30 min at 37 C. The reaction was stopped by the addition of 1.5 ml of 0.3 M NaOH. Extraction of hippuric acid, cleaved from HHL by ACE, was carried out by the addition of 100 ml of 2% orthophtalaldehyde and 200 ml of 3 M HCl. The amount of hippuric acid was measured using a fluorometer with excitation set at 360 nm and emission at 480 nm. Blueberry leaf revealed a strong inhibitory effect on ACE activity as compared with other leaves from Ericaceae plants ( Table 1 ). The inhibitory effect of blueberry leaf was stronger than that of Camellia sinensis L. (green tea) leaf, whose inhibitory effect has been reported. 5) Hence we expected that feeding of blueberry leaf would also reveal a hypotensive effect in vivo.
The spontaneously hypertensive rat (SHR) is the most y To whom correspondence should be addressed. Fax: +81-952-28-8782; E-mail: yanagitt@cc.saga-u.ac.jp Abbreviations: ACE, angiotensin converting enzyme; BBL, blueberry leaf; HHL, hippuryl-L-histidy-L-leucine; IC50, inhibitory concentration 50; SHR, spontaneously hypertensive rat widely studied model of essential hypertension, and it is often used for the evaluation of the hypotensive effects of drugs and dietary components in vivo. [11] [12] [13] [14] [15] Male SHR/Izm, aged 4 weeks, were purchased from Japan SLC (Shizuoka, Japan). The rats were housed individually in metal cages in a temperature-controlled room (24 C) under a 12-h light/dark cycle. After a 1-week adaptation period, they were assigned to two groups (six rats each), each fed one of two diets: (i) a semi-synthetic diet containing (in weight %): casein, 20; corn oil, 7; cornstarch, 15; vitamin mixture (AIN-76Ô), 1; mineral mixture (AIN-76Ô), 3.5; DL-methionine, 0.3; choline bitartrate, 0.2; cellulose, 5; and sucrose, 45 (control group); or (ii) a semi-synthetic diet supplemented with 3% of freeze-dried blueberry leaf at the expense of sucrose (BBL group). The freeze-dried blueberry leaf contained (in weight %): carbohydrate, 62.9; protein, 6.2; fat, 5.3; ash, 3.1; moisture, 3.4; and tannin, 18.7. The animals received the diets for 3 weeks. Systolic blood pressure in the conscious state was measured each week by the indirect tail cuff method using a Model MK-2000 BP monitor for rats and mice (Muromachi Kikai, Tokyo) according to the manufacturer's instructions. Five readings were obtained from each rat and the readings were averaged, after the highest and the lowest values were excluded. All aspects of the experiment were conducted according to guidelines set by the ethical committee for experimental animal care at Saga University.
In this study, there was no significant difference in final body weights, amount of food intake, or levels of serum parameters between the two groups ( Table 2) . As shown in Fig. 1 , systolic blood pressure increased during the onset of essential hypertension in the SHRs. The increase, however, was significantly lower in the BBL group than in the control group from the 2-week feeding point. There have been many studies indicating that consumption of dietary ACE inhibitors, which were found in vitro studies, results in a reduction in blood pressure in vivo. [16] [17] [18] Additionally, the blueberry leaf used in this study contained 18.7% tannin. Previous reports indicate that tannin administration has strong dose-dependent hypotensive effects in SHRs. [19] [20] [21] Hence we speculate that blueberry leaf showed an antihypertensive effect through the inhibitory effect on ACE activity in the SHRs. With regard to the physiological relevance of ACE inhibition by blueberry leaf in vivo, further investigation is necessary to characterize the active components and to evaluate the dose dependency and the lowest effective concentration.
In conclusion, we found for the first time that blueberry leaf has hypotensive effects in in vitro and in vivo studies. These results suggest that blueberry leaf can be useful as a source of dietary hypotensive components. ------------------------------------------------------ Animals received different diets with or without supplementation of 3% blueberry leaf for 3 weeks and systolic blood pressure was measured each week by the indirect tail-cuff method. Values are given as means AE S.E. (n ¼ 6). Differences were inspected by Students' t test. Asterisks show significant differences at P < 0:05.
